Purpose-To compare the effectiveness of the Lea Symbols and the HOTV distance visual acuity (VA) tests, presented monocularly in linear, crowded formats at 3 m, as vision screening tests to identify three-to five-year-old children in need of eye care.
Conclusions-Most children completed both tests. While the three-year-olds achieved better acuity scores with the Lea Symbols test, there were no statistically significant differences in sensitivity between tests for any age group. Keywords visual acuity; HOTV letter optotypes; Lea Symbols; preschool vision screening; children's vision Essential components for effective use of screening recognition visual acuity (VA) tests for detection of vision disorders in preschool-aged children are the ability of the child to perform the task (testability) and the ability of the test to accurately differentiate those children who have an ocular disorder from those children who do not (sensitivity and specificity). In 2000, a task force on Vision Screening in the Preschool Child 1 recommended two sets of optotypes, Lea Symbols (house, heart, circle, square) and letters (H, O, T, V), to measure VA in preschool children three to five years of age. However, little age-specific information was available concerning the effectiveness of these tests in screening children within this age range.
Hered et al. 2 compared testability of Lea Symbols and HOTV letters during vision screening in a group of 777 preschool children (ages three to five) and found that testability rates improved significantly with age for both Lea Symbols and HOTV. The testability difference between the two charts was statistically significant only for three-year-olds, more of whom were testable with Lea Symbols (92%) than with the HOTV test (85%).
Phase I of The Vision In Preschoolers (VIP) Study compared the effectiveness of eleven different vision screening tests in identifying preschool children in need of an eye examination and possible treatment for amblyopia, strabismus, significant refractive error, or unexplained reduced visual acuity. 3 Phase I screening tests included both the Lea Symbols distance VA and the HOTV distance VA tests. As previously reported, 4 99% of children were able to complete the binocular pretest for both tests and more than 95% of both three-year-olds and four-to fiveyear-olds were able to complete monocular testing with each test. There was no significant difference between tests in the proportion of children who were testable as a function of the age of the child, although the percentage of children able to complete the pretest increased slightly as the children got older. The data did, however, provide an indication that for threeyear-old children, the Lea Symbols test might be easier than the HOTV test. Specifically, in the 41% of instances when a three-year-old child showed better acuity on one of the two tests, it was more often on the Lea Symbols test (26% of children) than on the HOTV test (15% of children). In contrast, four-and five-year-old children were equally likely to perform better on either the Lea Symbols test or on the HOTV test when there was a difference in their performance on the two tests. A preschoolers' ability to perform a screening test is a prerequisite for successful screening; however, a screening test's accuracy in separating children with normal vision and children in need of further vision care requires knowing the test's sensitivity and specificity for detecting targeted vision disorders.
While the prior VIP Phase I reports 3, 4 and the Hered et al. report 2 provided age-specific information concerning testability for VA tests constructed of Lea Symbols versus HOTV optotypes, neither report provided age-specific data on the sensitivity and specificity of each optotype set (i.e. the effectiveness of each as a screening tool for detecting preschool children with vision disorders). The purpose of the present paper is to compare the effectiveness of the Lea Symbols test and the HOTV test as vision screening tests to identify preschool children in need of further eye care. Effectiveness will be examined with respect to the age of the child at the time of testing and the vision disorders detected.
METHODS

Subjects
In Year 1 of Phase I of the VIP Study, three-to five-year-old children (n=1,195) who were enrolled in Head Start participated in a vision screening and received a comprehensive eye examination conducted by licensed eyecare practitioners (optometrists and ophthalmologists experienced in the care of young children) through one of the five VIP Clinical Centers (Berkeley, CA, Boston, MA, Columbus, OH, Philadelphia, PA, Tahlequah, OK) during the 2001-2002 academic year. Created in 1965, Head Start is a federal government national school readiness program that provides comprehensive education, health, nutrition, and parent involvement services to low-income three-and four-year-old children and their families.
All screenings and examinations took place on specially equipped vision vans that were parked at the child's school. 5 The data in this report come from the 1,142 children with complete eye examination data. Subjects were not a random sample of the Head Start population. Instead, an effort was made to obtain a sample with a high proportion of vision problems, and therefore a wide range of visual acuities. This was accomplished by recruiting all children who had failed the local annual Head Start vision screening, along with a random sample of those who had not failed. 3 The local annual Head Start vision screening is provided by each Head Start agency and differs among Head Start classrooms. The national Head Start organization mandates that children receive a vision screening but does not specify what screening tests must be used.
This research was approved by the appropriate Institutional Review Boards associated with each clinical center. Each child's parent/guardian provided written informed consent prior to testing.
Visual Acuity (VA) Screening Tests
Each child's VA was screened at a 3 m (10 ft) test distance using the linear, crowded Lea Symbols 6 distance VA test and the linear, crowded HOTV distance VA test. The commercially available tests were constructed (Precision Vision, LaSalle, IL) as cards each containing a single line of optotypes for one VA level, 7 surrounded on all four sides by a bar (crowding rectangle), as shown in Figure 1 . For both charts and for each optotype size, the average distance between optotypes was approximately one optotype width, and the average distance between the optotypes and the crowding rectangle was approximately 0.5 optotype width (see Appendix A).
The optotype size and stroke width for the Lea Symbols were based on the test developer's empirical determination of overall optotype size and stroke width necessary to produce equal VA thresholds in response to blur. 6 The size of the Lea Symbols has been further adjusted by the developer (Dr. Hyvärinen) since the VIP Study investigation reported here; therefore some currently available commercial tests may contain optotype sizes different from those used in this study. See Appendix A for a description of the Lea Symbols optotype sizes used in the VIP Study.
Each of the HOTV letters conformed to the standard definitions for VA, in which letters each subtend 5 minutes of arc in height and 1 minute of arc in stroke width and critical details at the specified test distance. 8 The HOTV optotypes also subtended a visual angle of 5 minutes of arc in width, which is similar to the format of optotypes in the ETDRS letter charts used in standard clinical trial assessment of VA in adults. 9 Visual Acuity Screening Procedure Details of the procedure have been published previously. 3, 4 Each of the two visual acuity screening tests was administered to the child by a different optometrist or ophthalmologist who was trained and certified in the VIP Study screening protocols. Each child had monocular VA screened with both the Lea Symbols test and the HOTV test, with the order of testing randomly assigned. Testers were masked to the child's local agency Head Start screening results, to the results of the other VA test, and to whether the child wore spectacles. When a child came to the screening wearing spectacles, the Project Coordinator removed them before the examiner saw the child.
For both the Lea Symbols and HOTV tests, the test sequence consisted of (1) binocular pretesting at approximately 1 m with crowded, single, large (approximately 7 cm square including the crowding bars) optotypes; (2) monocular testing of the right eye at 3 m; and (3) monocular testing of the left eye at 3 m. The child named or matched optotypes using a lap card. Pretesting was performed to determine if the child understood and could perform the (matching or naming) task required. The pretest was presented at 1 m to allow the tester to more easily capture the child's attention before moving back to the 3 m distance. The pretesting letters were large enough to be seen clearly and comfortably by most children. Children who could not complete the binocular pretest were classified as "unable" and were included in the analysis as screening failures. Children who are "unable" on a visual acuity screening test have been shown to be more than twice as likely to have an ocular condition as children who completed the pretest. 10 For all children, monocular testing began with the 3/30 (10/100) line. at 3 m followed by testing with age-specific optotype sizes. Children who were three years of age on September 1, 2001, were tested with isolated, crowded lines of optotypes equivalent to acuity levels of 3/30 (10/100), 3/9.6 (10/32), 3/7.5 (10/25), and 3/6 (10/20). Children who were four years of age on September 1, 2001 were tested with isolated crowded lines of optotypes equivalent to acuity levels of 3/30 (10/100), 3/7.5 (10/25), 3/6 (10/20), and 3/4.8 (10/16). Different optotype orders were used for testing right and left eyes. Testing continued until the child failed to name or match three out of three or three out of four optotypes on a line, or until the child identified three out of three or three out of four optotypes on the smallest age-specific optotype size. The screening VA was recorded as the smallest optotype size for which the child was able to identify three out of three or three out of four optotypes.
Eye Examination Procedures
As described previously, 3 each child underwent a standardized comprehensive eye examination conducted in the VIP mobile vision van by a study-certified optometrist or ophthalmologist experienced in working with children who was masked to the results of all screening tests. Testing included measurement of monocular threshold VA using the Electronic Visual Acuity (EVA) tester, 11-13 a distance and near cover test, and cycloplegic retinoscopy. Results of the eye examination were used to determine whether a child had one or more of the four VIP Study targeted conditions: amblyopia, strabismus, significant refractive error, or unexplained reduced VA. Children who had one or more VIP Study targeted conditions at the most severe levels were identified as having Group 1 conditions, very important to detect and treat early. Definitions of each targeted condition and Group 1 conditions have been published previously 3 and are reproduced in Tables 1 and 2 .
Data Analysis
Analysis of screening results was conducted based on the age of the child at the time of testing. However, the set of optotypes used for screening was based on the child's age on September 1, 2001 . Therefore, the data include "young" four-year-olds who were four years of age when tested, but three years of age on September 1 and tested with the age-specific optotypes for three-year-olds; and "old" four-year-olds who were four years of age both on September 1 and at the time of testing and were tested with the age-specific optotypes for four-year-olds. The five-year-olds were four years of age on September 1 and were tested with the age-specific optotypes for four-year-olds.
The sensitivity when the failure criterion was selected to provide specificity as close as possible to 90% was compared between the two VA tests using the exact McNemar's test for paired proportions. The sensitivity/specificity calculation and receiver operating characteristic (ROC) analysis are child-specific versus eye-specific, and a child was defined as a screening failure if one or both eyes met the failure criterion on a screening test. Children who were unable to perform the pretest for a specific test were considered a screening failure on that test. Confidence intervals for differences in correlated proportions were calculated using Confidence Interval Analysis (CIA) 2.1.1 software (Trevor Bryant, University of Southampton, Great Britain); all other calculations were performed using SAS/STAT 8.0 software (SAS Institute, Inc., 100 SAS Campus Dr., Cary, NC, 27513-2414). The performance of the tests was further characterized by constructing receiver operating characteristic (ROC) curves for each test.
An ROC curve plots sensitivity against the false positive rate (i.e., 1-specificity), in which each point reflects values obtained at a different cutpoint value from a continuous or ordinal measure. ROC analysis provides several advantages over sensitivity and specificity determination for a single cutpoint. (1) Sensitivity and specificity are characteristics of a diagnostic test at a particular cutoff value, while the ROC curve provides an overall picture of the characteristics of the test itself. (2) The trade-off between sensitivity and specificity can be visualized on an ROC plot as the cutpoint value is shifted. However, the commonly applied statistical tests for comparing the area under two ROC curves cannot be applied because the calculation of specificity for VIP data involves a weighted average to adjust the estimate for the sampling proportions used in the study. 3 As described above, VIP Study children were not selected randomly. Children who had previously failed the usual and customary annual Head Start agency vision screening were differentially recruited, in comparison to those who passed the screening. It is therefore not possible to calculate positive and negative predictive values from the VIP Study data. For any population where prevalence is known, positive and negative predictive values can be calculated by using the VIP Study sensitivity and specificity data.
RESULTS
Study Population
The age distribution of the 1,142 Head Start children in the study population is provided in Table 3 . Because Head Start places children in classrooms based on the child's age on September 1 of the school year, there is overlap in the age ranges of the younger four-year-old group (who were age three at the beginning of the school year and were tested with screening cards for three-year-olds) and the older four-year-old group (who were age four at the beginning of the school year and were tested with screening cards for four-year-olds). All children were tested with the Lea Symbols screening test, and all but one were tested with the HOTV screening test.
Testability
Testability for all children (n = 1,253) who completed the screening has been reported previously. 4 Testability was high for both VA tests and all age groups (>95%). There was no statistically significant difference in testability between the two VA tests for any age group. Six (0.53%) children who were unable to complete the pretest of the Lea Symbols, and nine (0.79%) children who were unable to complete the pretest of the HOTV test were counted as screening failures in the data analysis. Table 4 shows the sensitivity, when specificity was set as close as possible to 90%, of the Lea Symbols test and the HOTV test for detecting children with ≥1 VIP Study targeted conditions and Group 1 conditions by age group. The largest difference observed was in the three-yearold group where the sensitivity was 61% for the Lea Symbols test and 46% for the HOTV test for detecting ≥1 VIP Study targeted condition; and was 83% for Lea Symbols and 57% for the HOTV test for detecting Group 1 conditions. However, none of the differences between the two tests is statistically significant. Figures 2A-D show the ROC curves for the two tests for detecting ≥1 VIP Study targeted condition for each of the four age groups. Figures 3A-D show the ROC curves for the two tests for detecting children with Group 1 conditions. For three-year-olds, as shown in Table 4 and Figure 2A and 3A, different failure criteria for the two VA tests allowed comparison as close to 90% specificity as possible. When the test performance among the three-year-old children was compared at the same failure criterion (10/32, 10/25, or 10/20), the sensitivity was higher and the specificity was lower for the HOTV test than for the Lea Symbols test. That is, fewer children could read the HOTV optotype of any given size than the Lea Symbol optotype of the same size regardless of whether the children had a targeted condition or not.
Sensitivity and Specificity
For the younger four-year-old ( Figure 2B and 3B) and five-year old ( Figure 2D and 3D ) children, the combinations of sensitivity and specificity yielded by each possible failure criterion were similar for the two tests and the curves are very similar to one another. For the older four-year-old children ( Figure 2C and 3C) , the Lea Symbols test either had slightly higher sensitivity and/or slightly higher specificity for each possible failure criterion than the HOTV test so that the ROC curve for the Lea Symbols test is slightly above the curve for the HOTV test.
DISCUSSION
The Lea Symbols and HOTV optotypes each have characteristics that might make them more or less effective for children of different ages. The Lea Symbols optotypes are symmetrical, closed symbols with size determined by using an "equal blur-out" criterion. 6 Comparison in adults between acuities measured with the Bailey-Lovie Chart and the Lea Symbols 14 indicates that Lea Symbols result in measured acuities better by an average of one logMAR line than those measured with the Bailey-Lovie Chart. Although the acuity difference between the two tests was reported to become larger as the level of acuity decreased, 14 similar measurements of differences between the two eyes, which is critical to the assessment of amblyopia, were reported for the Lea Symbols and Bailey-Lovie Chart. A recent comparison of Lea Symbols acuity and acuity measured with the Early Treatment Diabetic Retinopathy Study (ETDRS) charts in three-to seven-year-old children showed Lea Symbols acuity values that were, on average, one-half line better than ETDRS acuity values. 15 Within the limited range of acuity values obtained in this study (20/100 or better), there was no relation between acuity score and the difference between Lea Symbols and ETDRS values obtained.
The HOTV test is constructed of letter optotypes that, like the Lea Symbols, demonstrate leftright symmetry. This letter set was originally developed by Sheridan 16 for use with preschool children. H, O, and V are Sloan letters and are judged equivalent in difficulty to each other and to the Landolt ring. 8 The letter size is determined by the overall angular subtense and the angular subtense of the letter detail. 8 Therefore, for a given visual acuity designation, the Lea Symbols and HOTV optotypes are not the same physical size, as shown in Figure 1 .
Children in the youngest group (mean age 45.3 months, range 41 to 47.9 months) found VA testing with the Lea Symbols easier than the HOTV test, whether or not they had a targeted vision condition. As shown in the ROC curve for three-year-olds in Figure 2A and 3A, the HOTV test yielded higher sensitivity and lower specificity than Lea Symbols for each acuity line tested. Furthermore, comparison of the performance on the two tests at the specificity level closest to 90% for each test for three-year-olds required that the failure criterion be adjusted to be one line smaller for the Lea Symbols than for the HOTV test. The Lea Symbols, however, did not perform statistically significantly better than the HOTV test for detecting one or more VIP Study targeted conditions or Group 1 conditions. Of the 215 three-year-olds screened and examined in the VIP Study, 59 children were found to have ≥1 VIP Study targeted condition, and 23 children had Group 1 conditions; therefore, we had limited statistical power to detect a statistically significant difference in sensitivity. As indicated above, the three-year-old children in this study had a mean age of three years nine months. It would be valuable and interesting to know the sensitivity and specificity results for younger three-year-olds.
For the other age groups, the ROC curves are quite similar for the two tests, and the failure criterion yielding closest to 0.90 specificity is the same acuity line for both VA tests. Inspection of the ROC curves illustrates that the sensitivity of either VA test for any age group may be increased by changing the failure criterion to a finer acuity level, resulting in the detection of more of the children with targeted condition(s). As illustrated in the ROC curves in Figure 2A -D and 3A-D, changing the failure criterion to increase sensitivity also has the effect of lowering the specificity level for the screening, which allows more children without a targeted condition to fail the screening and be referred for a full examination, thus increasing the number of overreferrals. For example, in the three-year-old age group, if the 10/20 line is used as the failure criterion for the HOTV test, test sensitivity will be over 80% for any VIP Study targeted condition; but specificity will fall to approximately 60%, meaning that 40% of children without a targeted condition will be referred for an eye examination. Policy makers, in consultation with experts in the field using available data and considering the manpower/resources available, must make decisions that determine which combination of over-referrals and missed cases is acceptable for a particular screening.
A variety of factors may contribute to the observed ROC curves for visual acuity screening.
(1) Visual acuity is a cognitively demanding task for preschoolers. Allowing the child to respond by matching rather than naming helps make the task easier, but it remains a difficult task for some children in this age group. (2) Although testing at 3 m (rather than the 6 m adult test distance) and pretesting at 1 m were performed to help overcome environmental distractions, it is difficult for the screener to maintain the child's attention on the task in a screening environment offering considerable distractions. (3) The VIP Study screening was administered once and not repeated, so any child not feeling well at the time of testing might have failed the screening for reasons unrelated to vision. (4) Not all targeted vision conditions listed in Table 1 would be expected to cause a child to fail a vision screening based on the results of a test of visual acuity. Children who have amblyopia with mildly decreased visual acuity may pass the cut-off vision screening acuity level. Similarly, children with moderate hyperopia or intermittent strabismus might also pass the screening cut-off acuity line.
Although procedural differences exist between the studies, these findings support those of Kvarnstrom and Jakobsson who reported that Lea Symbols and the HOTV test were equivalent when used for vision screening testing in three-and-four-year-old Swedish children seen at the child health care centers for routine care. 17 The central question addressed is whether vision screening of three-and four-year-old children is more effective with the youngest children in this age range if Lea Symbols rather than the HOTV letters are used as the screening optotypes. For the youngest children, it was necessary to make the Lea Symbols pass/fail criterion one line smaller than the HOTV test pass/fail criterion in order to compare the tests at 90% specificity. For the older age groups, the pass/ fail criterion line closest to 90% specificity was the same for both screening tests. When the cutoff was appropriately adjusted for the three-year-olds, there was no statistically significant difference in any of the four age groups in the effectiveness of the two optotypes in identifying children in need of being referred for further care. Further research is needed on a younger group of three-year-olds to determine whether the differences found in this study become significant in young three-year-olds. −0.04 (−0.16, 0.07) § When 90% specificity is not achievable, the specificity closest to 90% was chosen.
